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Background Of The Invention 



1. Technical Field. 

20 This invention relates generally to a strobe lighting system used in the 

capturing of for digital images. 

2. Related Art. 

Digital cameras for capturing digital images are commercially available and 
allow individuals to create digital images, rather than images on film as with 

25 traditional cameras. In a digital camera, an image sensor measures reflected light 
from an object that is processed into a digital image. 

Typically, digital cameras and other imaging products utilize image sensors 
(also known as electronic image sensors) that are solid-state devices. Examples of 
image sensors include charge-coupled device (CCD), charge injection devices (CID) 

30 and complementary metal oxide semiconductor (CMOS) imagers. The image sensors 
typically have a number of cells or pixels arranged along vertical and horizontal 
dimensions commonly referred to as a matrix (also known as a pixel array). Image 
sensors typically utilize off-chip signal processing to improve signal to noise (S/N) 
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performance and compensate for reset noise. Image sensors may be found in various 
pixel array configurations, including SJF or QVGA 320 x 240, CIF 352 x 288, VGA 
640 x 480, SVGA 800 x 600, XGA 1024 x 768, SxGA 1280 x 1024, 2 Mega pixel, 3 
Mega pixel and 16 Mega pixels. 

Image information sensed by each pixel of an image sensor is converted into a 
digital signal. The digital signal is created from the image information stored in the 
pixels of the pixel array and is output serial using an arrangement of shift registers (in 
the case of CCD) or via a row and column selection (in the case of CMOS imager). 
After the image information is converted into a digital signal referred to as image 
data, the image data is stored in a memory. The image data may be post processed by 
a digital signal processor (DSP) to improve the quality of the digital image. 

An image sensor capable of capturing color images increase the complexity of 
processing the digital image data. In one approach, the image sensor has a geometric 
arrangement of cells forming a pixel responding to three primary colors, eg., red, 
green and blue. Since each cell senses a particular color, various algorithms are used 
to interpolate the missing color information. Alternately, two or more image sensors 
having different color sensitivity may be utilized and the image data combined by a 
signal processor. 

When taking photographs with a traditional film camera, it is often desirable 
to have additional lighting to illuminate a subject. A "flash" is often utilized with a 
camera to provided illumination of the subject. Consequentially, problems exist when 
too much light or not enough light is reflected from the subject (also known as a 
object) onto the file. The problems of under exposure and over exposure result when 
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too much light or too little light reach the film. Similar lighting problems exist with 
digital photography using an image sensor in place of film. 

An image sensor utilized to capture an image has the same problems with 
subject lighting as traditional film cameras. A supplemental lighting source, such as a 
strobe, may be utilized with digital camera having an image sensor. The duration of 
the supplemental light is determined based on an average value of a preparatory 
image data. However, the amount of light generated does not correspond to a 
particular area of interest in the image. For example, in a portrait, the subject is 
typically placed in an area of interest in the center of the image; however, the 
supplemental light is generated based on the entire image, including the background. 
The light from the background behind the subject affects the calculation of the 
supplemental light in the same manner as the subject, and as such reduces the visual 
quality of the image. Therefore a system is needed to generate supplemental light that 
accords more weight to an area of interest of the image. 



Broadly conceptualized, the invention is an approach to determine an average 
preparatory image luminance based on the preparatory image data and weighting at 
least a subset of the preparatory image data. Thus, the electronic image sensor is 
activated to acquire a photographic image. Supplemental light is provided in 
accordance with a supplemental strobe duration. Photographic image data 
corresponding to the photographic image from the electronic image sensor is 
captured. The duration of the supplemental strobe is adjusted based on the weighting 
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^of the luminance of the preparatory image, resulting in an increase in the visual 
quality of the exposed digital image. 

Other systems, methods, features and advantages of the invention will be or 
will become apparent to one with skill in the art upon examination of the following 
figures and detailed description. It is intended that all such additional systems, 
methods, features and advantages be included within this description, be within the 
scope of the invention, and be protected by the accompanying claims. 



The components in the figures are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the invention. In the figures, like 
reference numerals designate corresponding parts throughout the different views. 

FIG. 1 is a block diagram of a digital camera having an electronic image 
sensor and supplemental light. 

FIG. 2 is a block diagram of the digital camera of FIG. 1. 

FIG. 3 is a block diagram showing at least a portion of procedures and data 
stored in a memory block of FIG. 2. 

FIG. 4 is a block diagram of an exemplary electronic image sensor suitable for 
use in the digital camera of FIG. 1. 

FIG. 5 is a flowchart showing the calibration of the electronic image sensor of 



FIG. 6 is a look-up table stored in the memory of FIG 2, as identified in FIG. 

3. 

FIG. 7 is a flowchart of an activate strobe procedure of FIG. 3 and FIG. 5. 



Brief Description Of The Figures 



FIG. 4. 
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FIG. 8 is an exemplary image data that is divided into blocks with a selected 
subset of spots having pixels that are arranged in a Bayer-pattern. 

FIG. 9 is an exemplary luminance weighting table of FIG. 3. 

FIG. 10 is a flowchart of a calibrate look-up table procedure of FIG. 3 and 

5 FIG. 5. 



Detailed Description Of The Preferred Embodiments 
The following patent applications are incorporated by reference to assist in the 
description of certain elements and features of this invention. They are described in 
*fi 10 greater detail later in the specification, but include: 

J* • U.S. Patent application, titled "Programmable Image Transform 

' J J Processor for a Digital Camera," Serial Number 09/1 88,87 1 , filed November 9, 1 998; 

a • U.S. Patent application, titled "Programmable Timing Generator for a 

UJ Digital Camera," Serial Number 09/188,831, filed November 9, 1998; 

:Ji 1 5 • U.S. Patent application, titled "Programmable Display Controller for a 

£ " = Digital Camera," Serial Number 09/1 88,996, filed November 9, 1998. 

In FIG. 1, a block diagram of a digital camera 100 having an electronic image 
sensor and supplemental light is shown. A lens 102 transmits the image- forming light 
104 onto an electronic image sensor (image sensor) 106. The image sensor 106 is 
20 built into the digital camera 100 and is located at the focal plane of the lens 102. The 
image sensor 106 is typically a charge-coupled device (CCD), charge injection device 
(CID) or a complementary metal-oxide-semiconductor (CMOS) sensor. 
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Image sensors differ in the arrangement of the cells within the image sensor 
and the type of charge readout. The image sensor 106 connects to an electronic 
interface circuitry 108. The electronic interface circuitry 108 also connects to a strobe 
110, a storage device 112 and a display 114. The electronic interface circuitry 108 
5 controls the amount of time that the strobe 110 is activated to generate supplemental 
light. The electronic interface circuitry 108 controls the storage device 112 and 



enables sensed images by the images sensor 106 to be stored. The storage device 112 
may include a tape drive, a disk drive, such as a floppy disk drive, hard disk drive, 
optical disk drive, or magneto-optical disk drive, or an integrated circuit card with 

10 RAM or electrically erasable programmable read only memory (EEPROM). The 
storage device 112 may be inside the digital camera 100 or attached to the digital 
camera 100 externally. The electronic interface circuitry 108 can also control the 
display 114 to display the image sensed by the image sensor 106. The display 114 
may be inside the digital camera 100 or attached to the digital camera 100 externally. 

15 The display 114 is optional and the digital camera 100 may function without the 
display 114. The electronic interface circuitry 108 may operate the display 114 in a 
viewfinder mode or a review, (i.e., stored image viewing) mode, if the display 114 is 
present. 



20 microprocessor (RISC) 201 is coupled to a memory controller 202, a programmable 
timing generator 204, a frame capture processor 205, a programmable image 
transform processor 206, a storage medium 208 and a display controller 209. The 
memory controller 202 is connected to a memory 203. The display controller 209 is 
coupled to a display 210. The image sensor 106 is coupled to an analog signal 



FIG. 2 is a block diagram of the digital camera 100 of FIG. 1. A 
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processor (ASP) 211 that connects to the analog-to-digital converter (A/D converter) 
212. The timing generator 204 is coupled to the image sensor 106, ASP 211 and A/D 
converter 212, the frame capture processor 205, and the microprocessor 201. The 
programmable image transform processor 206, commonly called a digital signal 

5 processor (DSP), and other elements read data from the write data to the memory 203 

v 

via the memory controller 202. Preferably, the memory 203 includes a high-speed 
DRAM to store the digital image data. The A/D converter 212 supplies digital image 
data to the image transform processor 206. The image transform processor 206 stores 
the digital image data in the memory 203. The timing generator 204 supplies timing 

10 signals to the DSP 206 and A/D converter 212 to synchronize the transfer of digital 
image data between the A/D converter 212 and the frame capture processor 205. The 
frame capture processor 205 supplies the digital image data to the DSP 206. 
Alternately, the frame capture processor 205 stores the digital image data from the 
sensor directly into the memory 203, and the DSP 206 fetches the data from the 

15 memory for further processing. The frame capture processor 205 supports real-time 
windowing, histogram, gamma correction, white balance, and auto-focus functions. 
A strobe circuit 216 interfaces the strobe 110 with the microprocessor 202. 

FIG. 3 is a block diagram showing at least a portion of procedures and data 
stored in a memory block of 203 of FIG. 2. The memory 203 stores procedu res and 

20 ^digitaLimage_data as follows :__ 

• A camera operation procedure 220 for controlling the overall operation 
of the digital camera 100. 

• An image acquisition procedure 222 that acquires image data 
representing an image. 

7 
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An activate strobe procedure 224 that operates the strobe 110, FIG. 2, 
when the image acquisition procedure 222 determines that 
supplemental light is needed. The image acquisition procedure 222 
invokes the activate strobe procedure 224. 

A look-up table (LUT) 226 that is accessed by the activate strobe 
procedure 224 to determine a duration for activating the strobe 110, 
FIG. 2, when acquiring an image; preferably, the LUT 226 is stored in 
non-volatile memory such as an EEPROM. 

A luminance weighting table 228 that is accessed by the activate strobe 
procedure 224 to determine the amount of weight given to portions of 
preliminary image data. 

Image data 230 that includes preliminary image data; the image data 
230 is a digital representation of the image sensed by the image sensor 
106, FIG. 1. 

A calibrate LUT procedure 240 that populates the LUT 226; the 
calibrate LUT procedure 240 is loaded into the memory 203 from a 
storage medium 208, FIG. 2, such as a floppy disk, during the 
manufacturing process; once the LUT 226 is populated, the calibrate 
LUT procedure 240 is no longer stored in the memory 203. 



Referring to both FIG. 2 and FIG. 3, the microprocessor (RISC) 201 executes 
the camera operation procedure 220, which is stored in memory 203. Alternately the 
camera operation procedure 220 may be stored in a ROM, or loaded into the memory 
203 from the storage medium 208. The digital camera 100 operation procedure 220 
includes the image acquisition procedure 222. When a user presses a store-image 

8 




s: 




J PATENT 
Matter No. 09785980-0067 
O0CXTO648I 



button (not shown), the camera operation procedure 220 causes the image sensor 106 
to acquire an image. The image acquisition procedure 222 causes the microprocessor 
201 to control the programmable timing generator 204 to generate vertical and 
horizontal clock signals for use the image sensor 106. The image sensor 106 outputs 
image data comprising a series of analog signals corresponding to the color and 
intensity of the image sensed by each cell of the image sensor 106. The image data is 
then sent to the ASP 211 and to the A/D converter 212. 

The ASP 211 processes the image data before input to the A/D converter 212. 
For example, the ASP has a programmable amplifier with adjustable gain, and also 
reduces or eliminates noise, such as reset noise, from the image data using methods 
well known to those in the art, such as correlation-double-sampling. The A/D 
converter 212 then converts the analog image data into digital image data. In an 
alternate embodiment, the ASP 21 1 is not utilized. 

The digital image data is stored in memory 203. Execution of the camera 
operation procedure 220 by the microprocessor 201 causes the digital image data to 
be processed by the programmable image transform processor 206. The processed 
digital image data is compressed and recorded in memory 203, on a storage medium 
208 or transferred to display controller 209 for output to a display 210. 

To control the operation of the strobe 110, the microprocessor 202 connects to 
a strobe circuit 216. The strobe circuit 216 includes a high voltage power supply that 
supplies power to activate the strobe 110 in response to a signal from the 
microprocessor 201. The image acquisition procedure 222 sends signals to the strobe 
circuit 216 causing the strobe 1 10 to generate supplemental light. 
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U.S. Patent application, titled "Programmable Image Transform Processor for 
a Digital Camera," Serial Number 09/188,871, filed November 9, 1998, is 
incorporated by reference as information explaining the operation of the image 
transform processor 206. U.S. Patent application, titled "Programmable Timing 
Generator for a Digital Camera," Serial Number 09/188,831, filed November 9, 1998, 
is also incorporated by reference as information explaining the operation of the timing 
generator 204. U.S. Patent application, titled "Programmable Display Controller for a 
Digital Camera," Serial Number 09/188,996, filed November 9, 1998, is also 
incorporated by reference as information explaining the operation of the display 
controller 209. 

In FIG. 4, a diagram of an exemplary electronic image sensor suitable for use 
in the digital camera 100 of FIG. 1 is shown. The image sensor 302 may be a CCD, 
CID or CMOS device. In the example implementation of a CCD, the image sensor 
302 connects to the ASP 304 and the A/D converter 306. The image sensor 302 has 
cells 308, vertical shift registers 312 and a horizontal shift register 314. Each cell 308 
absorbs light and converts the light energy into an electrical charge. The amount of 
charge is a measure of light energy absorbed. The size of the image sensor 
determines the quality of the image. The quality of the image improves as the number 
of cells increases. Image sensors are available in many sizes, such as SIF or QVGA 
320 x 240, CIF 352 x 288, VGA 640 x 480, SVGA 800 x 600, XGA 1024 x 768, 
SxGA 1280 x 1024, 2 Mega pixel, 3 Mega pixel and 16 Mega pixels. 

The components of the image sensor 302 are arranged along horizontal and 
vertical dimensions. An array 310 of cells 308 is arranged in the vertical dimension. 
The vertical shift register 312 has elements 316 for storing the charge sensed by the 



10 




PATENT 
[atter No. 09785980-0067 



00CXT0648I 

cells 308. Each cell 308 in the array of cells 310 connects to a corresponding element 
3 1 6 in the vertical shift register 312. 

Free charge moves from regions of higher potential to regions of lower 
potential. By alternating the voltages on the electrodes (not shown) connected to the 
5 cells 308 and the elements 316 and 318 of the shift registers 312 and 314 in proper 
phase, a charge packet, i.e., the charge from the cell 308, can be moved from the cell 
308 to an element 316 of the shift register 312 and then moved from one element to 
another element in the shift registers and finally to the image sensor 302 output. 

Thus, when appropriate voltages are applied to the cell 308 and the 

10 corresponding element 316 in the vertical shift register 312, the charge generated in 
the cell 308 is transferred out of the cell 308 to the corresponding element 316 in the 
vertical shift register 312. The programmable timing generator is programmed to 
generate timing or clock signals that cause the transfer of the charge to occur at the 
appropriate time. When appropriate voltages are applied to adjacent elements of the 

15 vertical shift register 312, the charge is transferred from one element to another. The 
last element or output of each vertical shift register 312 connects to a corresponding 
element 318 in the horizontal shift register 314. When appropriate voltages are 
applied to the last element of the vertical shift register 312 and the corresponding 
element 318 of the horizontal shift register 314, the charge is transferred from the 

20 vertical shift register 312 to the horizontal shift register 314. When appropriate 
voltages are applied to adjacent elements of the horizontal shift register 314, the 
charge is transferred from one element to another and finally output. The output of 
the horizontal shift register 314 connects to the ASP 304 via an output amplifier 320. 

11 
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The cells of the image sensor acquire an image or charge when exposed to 
light. Therefore, the image sensor has a port for receiving an OverFlowDrain pulse, 
or DumpCharge signal to reset the cells of the image sensor. The DumpCharge signal 
is pulsed one or more times prior to the star of exposure. The exposure time begins 
after the last DumpCharge pulse and ends when either a mechanical shutter is closed, 
or if an electronic shutter is used, when the accumulated charge in the cells is 
transferred to the vertical shift registers. A mass pixel transfer signal causes the 
image sensor to transfer the charge in its cells to the vertical shift registers to capture 
an image. 

Various signals are utilized to control the image sensor and to synchronize its 
operation with other system components. An amplifier reset signal connects to the 
output amplifier 320. XSHP and XSHD signals control the ASP 304 and an ADC 
clock signal connects to the A/D converter 306. Horizontal clock signals H 1 and 
H 2 control the horizontal shift register 314. Vertical clock signals V 1 to V n 
connect to a vertical clock driver 322 that generates signals VI to Vm to control the 
vertical shift registers. In one embodiment, signals V 1 to V n are binary signals, 
while signals VI to Vm are binary signals having three states. 

Color imaging is more complex. In one method, the image sensor 302 has a 
geometric arrangement of cells to respond to three colors, e.g., red, green and blue. 
Alternately, two or more image sensors having different color sensitivity are used. In 
another embodiment, the image sensor 302 includes a color filter that causes either 
red, green or blue light to pass to the pixels on the image sensor in a predefined 
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pattern, such as a Bayer pattern. Each pixel receives a single color, and the output 
from the image sensor includes a red, a green and a blue color channel. 

It is appreciated by those of skill in the art that while a CCD has been 
described, the image sensor 106 may equally be implemented in a CID or CMOS 
imager. In the case of a CMOS imager, the image sensor may contain a photodiode, 
row-select transistor and a reset transistor per pixel in the pixel array. By activating a 
row, the data from the pixels in that row simultaneously copied into the columns. 
Each column will have a load transistor, column select switch, and a sampling switch. 
In this example the CMOS imager does not rely upon charge transfer such as the 
CCD. Unlike CCDs, the CMOS imager may be fully addressable and the pixels in the 
pixel array may be read out at high frame rates. 

FIG. 5 is a flowchart showing the calibration of the electronic image sensor of 
FIG. 4. In step 330, the calibrate look-up table procedure 240 populates the look-up 
table 226. Steps 332-334 are implemented by the activate strobe procedure 224 of 
FIG. 4. In step 332 the activate strobe procedure 224 acquires a preparatory image 
while generating preparatory light. To generate the preparatory light, the strobe is 
activated for a predetermined period of time, such as fifty microseconds. The 
exposure time of the preparatory image is short with respect to the exposure time of a 
photographic image to reduce the effect of any ambient light on the preparatory 
image. 

For example, the exposure time of the preparatory image is approximately one 
millisecond, while the exposure time of the photographic image is approximately 33.3 
milliseconds (1/30 second). The strobe is activated to generate the preparatory light 
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shortly after the exposure time begins. In step 334, the activate strobe procedure 224 
determines a photographic image strobe duration based on a preparatory luminance of 
the preparatory image. In step 336, the activate strobe procedure 240 acquires a 
photographic image by activating the strobe for the photographic image strobe 
5 / duration. In step 338, after acquiring the photogmphicjmag e, the image Requ isition 
J p rocedure ^24.0_performs additional adjustments to the photographic image. For 

\ example, the image acquisition procedure 240 may adjust the white-balance and color 
balance, enhance the edges, the perform chroma suppression to whiten the white areas 
and darken the black areas of the photographic image. 

10 In FIG. 6, a look-up table stored in the memory of FIG 2, as identified in FIG. 

3 is shown. The look-u p table 2 26 stores_a strobe duration 342 and an associated 

^ — ^ 

power value 344. The associated power value 344 represents a percentage of the 

lu minance at the specified strobe duration divided by thelun unance ^aUa-nominar 

strobe duration. In the look-up table, the first entry pair is 50 microseconds ( s) w i th 

15 an associated power value of 100.0% and represents a nominal power value for a 
nominal average luminance at a preparatory strobe duration, which is discussed with 
reference to Fig. 10. The subsequent durations from 25 sto 800 s h ave power 
values that are relative to the first 50 s entry. For example, for a strobe duration of 
25 s, the power value is 34.9% of the power value of at the nominal 50 s du r ation. 

20 Alternately, the associated power values 344 represent fractions rather than a 
percentage. 

FIG. 7 is a flowchart of an activate strobe procedure of FIG. 3 and FIG. 5. 
Steps 352 and 354 of Fig. 7 provide more detail with respect to step 332 of Fig. 5. 
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Steps 358-364 of Fig. 7 provide more detail with respect to step 334 of Fig. 5. In step 
352, the activate strobe procedure 224 releases the shutter to cause the image sensor 
to accumulate charge representing an image. In one embodiment, the shutter is 
released electronically by applying the DumpCharge Signal of Fig.4 to the image 
sensor 106 of Fig. 2 to remove any accumulated charge from the cells of the image 
sensor. In an alternate embodiment, a mechanical shutter is opened to allow the 



image sensor to receive light. In step 354, the activate strobe procedure 224 generates 
preparatory light by activating the strobe for a predetermined preparatory duration. In 
step 356, the activate strobe procedure 224 captures preparatory image data associated 
with the preparatory image. The activate strobe procedure 224 captures preparatory 
image data associated with the charge accumulated on the image sensor and stores the 
preparatory image data in the memory. 

In step 358, the activate strobe procedure 224 determines an average block 
luminance for subsets of the preparatory image data. In one embodiment, steps 356 
and 358 are performed concurrently. Alternately, steps 356 and 358 are performed 
sequentially. Preferably, t^prgpaEatory-image Jias sixt y-fo ur subsets o r blocks and 



each subse t has an average block luminance. The blocks are rectangular and the 
number of pixels in a block varies depending on the size of the image sensor. 

The pixels on the sensor are arranged behind a red-green-blue filter having a 
Bayer-pattern. The symbol "R" refers to a pixel behind the red filter, the symbol "G" 
refers to a pixel behind the green filter, and the symbol "B" refers to a pixel behind 
the blue filter. The arrangement of the filters and pixels is as follows: 
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R G R G R G ... 

X 

GBGBGB... 

A digital value corresponding to an intensity of the amount of light impinging 
on a pixel is stored in the memory. The intensity of a red pixel is I Rj the intensity of a 

0.1I B + 0.3I R + 0.6I G (1) 
greed pixel is I G , and the intensity of a blue pixel is Ib. The following relationship is 

used to determine the luminance for a group of pixels referred to as a spot, as 

designated by the "X" above: 

Because there are two green pixels, the intensity Iq is equal to the average 
intensity of the two green pixels. Alternately, relationship one is modified by 
reducing the 0.6 factor to 0.3, and adding the intensity of the green pixels, Iqi and I G 2> 
as shown in relationship two as follows: 

0.1I B +0.3I R +0.3I(I G1 +I G2 ) (2) 

Referring also to Fig. 8, the image data 230 has many blocks 380. Each block 
380 includes a rectangular array of pixels. The luminance is determined for a 
plurality of spots 382 within each block 380. The plurality of spots is selected in 
accordance with a predetermined spot pattern. In this example, the spot pattern is four 
spots across an approximate horizontal centerline of the block 380, and six spots 
aligned with an approximate vertical centerline of the block 380. The image data for 
an exemplary group of pixels 384 is used to determine the luminance of the spot 382 



16 




I PATENT 
[atterNo. 09785980-0067 



00CXT0648I 

using relationship one above. The luminance of the plurality of spots 382 is summed 
to generate the average block luminance for the block 380. In an alternate 
embodiment, the luminance of the plurality of spots 382 is summed to provide an 
intermediate sum that is divided by the number of spots in the plurality of spots to 
generate the average block luminance for block 380. 

Referring back to Fig. 7, in step 360, the activate strobe procedure 224 applies 
a weight to the average block luminance by multiplying the average block luminance, 
for at least a subset of the blocks, by a respective weight from the luminance 
weighting table to generate weighted block luminances. 

Referring to Fig. 9, an exemplary luminance weighting table of FIG. 3 is 
shown. Each block 380 is associated with a predetermined weight 386 in the 
luminance weighting table 228. The weights in the luminance weighting table 228 
applyjhe greatest weight to^flieju minance values in the ^cent^ 
image, and esp eciall y enhance the visual q uality of portraits. In an alternate 
embodiment, the weights of the luminance weighting table 228 are adjusted for other 
types of images such as landscapes. In another embodiment, the values in the 
luminance weighting table are adjusted in response to a user selecting the type of 
photograph they are taking. In yet another alternate exemplary luminance weighting 
table, the luminance weighting table provide uniform weights. 

In step 362, the activate strobe procedure 224 sums the weighted block 
luminances to generate the average image weighted luminance value for the 
preparatory image data. In step 364, the activate strobe procedure 224 determines the 
photographic image strobe duration for the strobe by accessing the look-up table 226 
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of Fig. 6 in accordance with a relationship between the average image weighted 
luminance and a target luminance where the targ et luminance is equal to ej ghty. The 



activate strobe procedure 224 jihddesjflie ^ target lir minarj^e^by^flj^ average im age 
weighted luminance to generate a target power factor. Since the strobe power is 
proportional to the luminance, the target power factor represents an increase or 
decrease in strobe power and results in a photographic image having sufficient image 
quality. 

The activate strobe procedure 224 determines a preparatory power value 
associated with the preparatory strobe activation from the look-up table 226 of Fig. 6 
from the first 50 s entry, and multiplies the preparatory pow er valu ejby^ the t arget 
power factor to generate a photographic image power value. The activate strobe 
procedure 224 accesses the look-up table a second time to identify upper and lower 
calibration power values that are closest to the photographic image power value, and 
generates the photographic image strobe duration by performing a linear interpolation 
between the upper and lower power values and target value, and the respective upper 
and lower calibration durations. In an alternate embodiment, the activate strobe 
procedure 224 accesses the look-up table 226 a second time to identify a calibration 
power value closest to the photographic image power value, and sets the photographic 
image strobe duration equal to the duration associated with the identified calibration 
power value in the table 226. 

When the activate strobe procedure 224 accesses the look-up table for the 
second time, the power values and durations for the second through final entries are 
used, and the power value and duration for the first 50 s e n try is not used. Using the 
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second through final entries provides a strobe duration for the photographic image 
that compensates for charge lost in the high voltage supply of the strobe circuit from 
activating the strobe for preparatory duration to acquire the preparatory image. 

FIG. 10 is a flowchart of a calibrate look-up table procedure of FIG. 3 and 
FIG. 5. FIG. 10 provides more detail with respect to step 330 of FIG. 5. To calibrate 



the look-up table, the calibrate look-up table procedure 240 is loaded into the memory 
of the digital imager. The digital imager is placed in a darkened box that substantially 
eliminates ambient light, and is aimed at a test surface three feet away. The test 
surface is an eighteen percent gray surface, which reflects eighteen percent of the 
incident light. 

In step 402, the calibrate look-up table procedure 240 determines a nominal 
average luminance at the preparatory strobe duration. The calibrate look-up table 
procedure 240 activates the strobe for the preparatory strobe duration a predetermined 
number of times, such as ten. After each activation of the strobe, the calibrate look-up 
table procedure 240 measures the average luminance for that activation. To measure 
the average luminance, a block of pixels in the center ten percent of the image sensor 
is identified. In one implementation, the block of pixels is ninety pixels wide and 
ninety pixels high. Because the eye is most sensitive to green, the green pixels in the 
block are used to determine the luminance. The intensity value of the green pixels in 
the block is summed and divided by the number of green pixels to generate the 
average luminance for a single activation of the strobe. After the strobe has been 
activated for the predetermined number of times, the average luminances are summed 
and divided by the predetermined number of strobe activations to generate the 
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nominal average luminance. By generating the nominal average luminance by 
activating the strobe multiple times, deviations in the luminance are included in the 
average. However, in an alternate embodiment, when an average luminance exceeds 
an upper threshold value, or is below a lower threshold value for the calibration strobe 
duration, the strobe or strobe circuit may be defective, and the calibrate look-up table 
procedure 240 provides an operator with an indication of a possible defect. 

After determining the nominal average luminance, the strobe is activated for 
various calibration durations. A relationship between the nominal average luminance 
and an average calibration luminance at various calibration durations is measured and 
stored in the look-up table. In step 404, the calibrate look-up table procedure 240 sets 
a calibration strobe duration equal to an initial calibration duration, such as twenty- 
five microseconds. In step 406, the calibrate look-up table procedure 240 sets the 
value of a calibration counter equal to zero. The calibration counter is used to count a 
number of times that the strobe is activated for a specified calibration duration. 

In step 408, the strobe is activated for the preparatory strobe duration to 
discharge a capacitor in the high voltage supply in the strobe interface circuit. In this 
way, the look-up table is calibrated under conditions more closely resembling normal 
operation. After activating the strobe, the calibrate look-up table procedure 240 waits 
approximately fifty milliseconds. In step 410, the calibrate look-up table procedure 
240 dumps any accumulated charge from the image sensor and releases the shutter to 
acquire an image, as described above. In step 412, the calibrate look-up table 
procedure 240 activates the strobe to generate calibration light for the specified 
calibration strobe duration. In step 414, the calibrate look-up table procedure 240 
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measures and stores the average luminance for the image at the specified calibration 
strobe duration, and also stores the associated calibration strobe duration. The 
average luminance is measured as previously described with respect to step 402. In 
step 416, the calibrate look-up table procedure 240 increments the value of calibration 
counter by one. In step 418, the calibrate look-up table procedure 240 determines 
whether the value of the calibration counter is equal to a predetermined maximum 
calibration count value (N). Preferably, the maximum calibration count value is 
greater than one. In an alternate embodiment, the maximum calibration count value is 
equal to two. Having more than one average luminance reduces the effect of 
aberrations in a measurement. If step 418 determines that the value of the calibration 
counter is not equal to the maximum calibration count value (N), steps 408 through 
418 are repeated to generate an additional average luminance at the specified 
calibration strobe duration. 

If step 418 determines that the value of the calibration counter is equal to the 
maximum calibration count value (N), then in step 420, the calibrate look-up table 
procedure 240 updates the look-up table for the calibration strobe duration. The 
calibrate look-up table procedure 240 generates a calibration average luminance by 
summing the average luminances for the specified calibration strobe duration and 
dividing that sum by the value of the calibration counter. The calibrate look-up table 
procedure 240 determines a percentage of the calibration average luminance with 
respect to the nominal average luminance, and stores the calibration strobe duration 
and percentage in the look-up table. 
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In step 422, the calibrate look-up table procedure 240 increases the calibration 
strobe duration. In one embodiment, the calibration strobe duration is increased in 
equal increments. In another embodiment, the calibration strobe duration is increased 
non-linearly as follows: 25 microseconds ( s), 50 s, 75 s, 100 s, 250 s, 500 

s, 750 s and 1000 s. The initial calibration strobe duration is 25 microseconds. 
The calibration strobe duration is increased in 25 si ncrements until the calibration 
strobe duration equal 100 s . The calibration strobe duration is then increased to 250 

s , and then increased in 250 s increments until the calibration strobe duration is 
equal to 1000 s. In another alternate embodiment, after measuring at the calibration 
strobe duration of 100 s, the calibration strobe duration is increased to 400 s an d 
800 s, as shown in FIG. 6. These calibration strobe durations were chosen because 
the strobe does not generate light linearly with respect to the duration of activation of 
the strobe. The greatest change in luminance is in the shorter strobe durations. 

In step 424, the calibrate look-up table procedure 240 determines whether the 
calibration strobe duration is greater than a maximum strobe duration. If not, the 
calibrate look-up table procedure 240 repeats steps 406-424. If so, then the look-up 
table is calibrated. 

In an alternate embodiment, the average luminance is determined using the 
red, green and blue color channels as described above with respect to FIG. 7, rather 
than only the green color channel. Although the strobe has been described with 
respect to an exemplary electronic digital camera, the strobe can be used with 
electronic scanners and copiers. In addition, the present invention can be used with 
portable electronic devices having an image sensor and light source to illuminate an 
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object, such as a personal digital assistant (PDA). While various embodiments of the 
invention have been described, it will be apparent to those of ordinary skill in the art 
that many more embodiments and implementations are possible that are within the 
scope of this invention. 
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